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CHAPTER 4 



Carrier Transport Phenomenj 



effects are a result of lattice <ic^npr\na or.A • • ^ • 

discussed in Section 4. 1 .2 As rSSs rTr' ^^"^ ^^^"^'^^ as 
the scattering processes, the diffLTon ScTen f^^^^ of temperature due to 

ature. The specific temp;rature deoend^^^^^^^^^^ ''"'""S ^"""'^^^ of temper- 

of the real temperature'cha a ^rS^-^^ ^'^^^^^^^ ^^.45] is a small fracfion 




F ~ qv X B 



" Sr^^^^^^^ -d so that the r 

-direction. Electrons and holes flowtg ™' !'"^ '"^^netic field is in the 

as indicated in the figure. The force S e ecZs^^^^ '^^^"^"^^ ' ''^'^ 

tion. In a p-type semiconductor (po > «o) there wH h u Z'' ^" ^"^^ 
on the , = 0 surface of the semici S and fn "''^^ 
('^0>po), there will be a buildup of nS^e ^h!^^^ "'^^P' semiconductor 

charge induces an electric field in L v diStLn °" ' = ^ ^"^^'^^^ ™s net 
the magnetic field force will b^eSv S1?.?k °r • " '^S"^^' I" ^'^^^y state, 
This balance may be written as ^ ^"'^"^^'^ ^^^^^^c field force 



which becomes 



^ = q[E + v X B] = 0 



qEy = qv^B, 



[4.47aJ 



[4.47b] 



The 'A At W.'^/DJ 



[4.48] 



e majority carrier concentration is much larger than 



semiconductor is n-type or p-tvoe' and tn ^ l ^ ^° distmguish whether a 

tion and majonty caX mo'billt'; ^^^^^^ - 

tJon.. IS used to experimentally measure ii?" J ' ^'^'^"ssed in this see- 
also used extensively in endLTc app fcSf 

circuit applications. ^ ' apphcations as a magnetic probe and in other 

The force on a particle having a ch^mf /, ^.n^ ^ • ■ 

ing charge q and movmg m a magnetic field is given by 
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4.4 The Hall Effect 
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Figure 4.13 Geometry for meosuring the Hall effect 

where E„ is assumed positive in the +y direction anri V „ • . 

shown. "^^^"="0" and K// is positive with the polarity 

In a p-type semiconductor in which hnlpc !.r» fu. ■ ■ 
will be positive as defined in Fic^rH 3 In ""'^^"^ ^^^^S^ 

are the majority carrier, the Hall voltaae wi« hfv. ^^^^^ semiconductor in which electrons 
Hail vol tage is used to deteu^Ll ttlle^nZ^^^^ opposite polaritj^ TTie polarity of the 

Substituting Equation [4.48HntX^^^^^^^^^ -^Pe or p-type. 



[4.49] 



Vff = v,,WB, 

For a p-type semiconductor, the drift velocity of holes can be written as 

(ep)(Wd) f4.50J 
[tS ^^^--^^ Combining Equations [4.50] and 



epd 



[4.5 J J 



or, solving for the hole concentration, we obtain 



p = 



hB.. 



edV. 



H 



[4.52] 
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Exomple 4.7 



CHAPTER 4 



• ^^jerTranspon Phenomena 
^0 that the electron concentration 



magnetic field 1 



f4.53J 



IS 



45, 



Note that the Hall volt • '^'^^^ ^^'^"^^ 

ty earner n^obdny. For a p-type semicoXrwe^' ^'^^ 

iiuucLoi, we can wnte 

The hole mobility is then given by 



[A.56] 




Similarly for pn n . ^PK'iVd ^4^^^^ 

from ' ^ "-^yP^ ^^en..conductor. the low-field elecrr 

^ ^'^^tron mobility is determined 



[4.58] 



OBJECTIVE^ TTrr"" — ' — - 

^ = 10-3 cm. AJ 0 aZ ' " ^'""'•^ ^-^3. Let . - jn-i 

Solution: " ~ ^auss = 5 x lO'^ 

A negative Hall vol ta^^e forth ;c „ 

Equation f4.54] we cm Z " '"'^'^ '""P''" ^hat we have an n t 

J- can calculate the electron concentration as ^^'"•^°nductor. Using 

.^OO^^x 10-2) 



cm 
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4-5 Summary and Review 



The electron mobility is then determined from Equation [4.58] as 



„„ - ao--M(]o-^^ 

(1-6 X 10-'^)(5x 102i)(12.5)(10-'')(10-^) " mVv-sec 



or 



Ai« = 1000cm-/V-sec 



Comment: 



4.5 SUMMARY AND REVIEW 



port mechatiisnis. drift and diffusion ^ '^'"'^ 

fieltistaSS^^ ^o'es due to electric 

the concentration of e le tron^an^^^^^ ' semiconductor is a function of 

ity of these cha.-ee c^Z jlTlrt" n ' ^^'^''^S^ ^"ft ^^1°^- 

fieid. is in opposite Sons be^^^^^^^^^ ^° ^" ^PP^^-^ electric 

generated bv he elenrrono I:,!":! ° • _T ^^"^'"^"^^ ^" 'Charge, but the drift currents 
The averaap , . ^^""^ the electric field 

tiirough'the se,.icondu ?o : or hole will drift 

within the semiconductor Two scattenni ln °' P™'^^^^^^ 

nly scattering. Lattice sca«e^™^^^^^ 'fT' .^^^^ 

certain amount of thermal energy in the for^ nf u ^^^'"'^0"'l""or contain a 

tance between atoms is then Zi?.^ u vibrations. The interatomic dis- 

tered. and the mS f he ca^SrS.th'"'"^ 'T'" f"""-" 
-attering mechanism is a func'^ofte fher^^^^^ "P^^^" ^'^^ ^^^^ 

Ponent of mobility is a stron<r w^ "'V °^ associated com- 

lure increa..e; " ^ 1.""'°" °^ t^"^Pe>-ature. Mobility dec, 'eases as temoera- 

ionized: a couj 7b ^tac d^^^^^^^ ^^^^P^o^ i^^P^rities are 

and holes. Wht can^S^LoT' ^^arged impurities and electrons 

deflected or scaLrTSobty ^^^^^^^^^ ^^ey will be 

Conductivity and resistivL . ' ^"""^ concentration increases, 

material specifications re^^^^^^ i^^^^^^^^ ''T™''''' "''^ ''^^"^'^^'^ semiconductor 
'ers are fuLtionsTe LSr^^ho^^^^^ ''''P'^''^ of conductivity. These parame- 
m,» oi eiecnon and hole concentrations and mobilities 

cimus,on cunems p,opor„onal to the gradients it, electron and hole 



